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MARKING GRID FOR RADIOGRAPHIC IMAGING, 
AND METHOD OF MAKING SUCH A GRID 

Cross-Reference to Re lated Applications 

This is a Divisional of copending U.S. application Ser. No. 10/074,943, filed October 29, 
2001, entitled "Marking Grid for Radiographic Imaging, and Method of Making Such a Grid", 
the disclosure of which is hereby incorporated by reference in its entirety as part of the present 
disclosure. 

Field of the Invention 

The present invention relates generally to a marking grid for radiographic imaging and, 
more particularly, to a marking grid for use in computerized tomography. The present invention 
also relates to methods for manufacturing marking grids. 

Background of the Invention 

Marking grids are used during radiographic imaging to provide visual reference points on 
the radiographic image. For example, marking grids may be used to locate the position of 
internal body structures or tumors relative to the reference points on the radiographic image. To 
use a marking grid, the marking grid is placed on or adjacent to the patient's body while the 
radiographic image is taken. The marking grid creates lines or dots on the radiographic image 
which can be used as reference points to locate the position of body structures or tumors relative 
to the location of the marking grid on the patient. Marking grids are often used in computerized 
tomography (CT) scanning to produce reference points on the CT scan image. 

Prior marking grids have been comprised of elongated radiopaque strips or members 
fixed to a substrate material. The substrate material in these devices has been in the form of 



sheets, generally without openings in the material. As a result, the making grid must be moved 
to allow the radiologist to mark the patient's skin or to insert a surgical device such as a biopsy 
needle. This can require multiple scans of an area to locate the biopsy needle property. 

Some prior marking devices have partially addressed this problem by providing one or 
5 more holes for inserting biopsy needles through the marking device. For example, in U.S. Patent 
No. 4,860,33 1 to Williams et al., a marking device is described in which the substrate is 
perforated with widely spaced, small diameter holes to permit insertion of biopsy needles. These 
holes are not always in the optimal position for insertion of a biopsy needle, and the holes do not 
provide an adequate area for a radiologist to place necessary markings on a patient's skin. As a 
1 0 resuh, the radiologist may have to move the marking grid for insertion of biopsy needles or 
marking the skin, which can result in inaccurate insertion or marking. 

Accordingly, it is an object of the present invention to overcome one or more of the 
drawbacks or disadvantages of the prior art and to provide a marking grid for radiographic 
imaging that allowed a radiologist to place markings on the patient's body or insert biopsy 
1 5 needles in the optimum desired location selected by the radiologist. 

Summary of the Invention 
The present invention provides a marking grid for radiographic imaging that permits the 
radiologist to place markings on the patient's skin or insert a device such as a biopsy needle in an 
optimal location as selected by the radiologist. The marking grid is comprised of a substrate 
20 material that conforms to the patient's skin. The substrate material is substantially radiolucent. 
The back side of the substrate is coated with a pressure sensitive adhesive which is used to 
adhere the marking grid to the patient's skin. The marking grid can be provided on a plastic or 
wax coated backing. 
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The marking grid includes a plurality of parallel strips of a material that is at least 
partially radiopaque. The parallel radiopaque strips produce images, typically dots, on a 
radiographic image. The substrate defines elongated apertures between the strips of radiopaque 
material. Each aperture extends along substantially the entire length of the adjacent radiopaque 
5 strip(s). 

The present invention also comprises an improved method for manufacturing marking 
grids. The substrate is provided on a releasable backing, and the releasable backing defines a 
plurality of holes longitudinally spaced relative to each other along at least one, and preferably 
both, marginal portions of the backing. The holes are engageable with means for driving the 
1 0 backing, such as the pins of rotatably-driven sprockets or a tractor-feed drive. Accordingly, the 
holes allow precise registration of the backing with a tool, such as a cutting tool for cutting the 
stretchable substrate, an application tool for applying glue or other adhesives to the substrate to 
secure the radiopaque strips thereto, or a printing tool for printing letters or other indicia on the 
substrate or the backing. 

1 5 Among the advantages of the present invention is that the elongated apertures in the 

substrate allow a biopsy needle to be inserted into the patient in an optimal location without the 
need to remove or replace the marking grid. The present invention also provides the advantage 
of allowmg the radiologist to place markings on a patient's skin without moving the marking 
grid. 

20 A further advantage of the present invention is that the marking grid can be produced 

rapidly and inexpensively using the method of the present invention. 
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Other advantages of the marking grid and method of the present invention will be come 
readily apparent in view of the following detailed description of preferred embodiments and 
accompanying drawings. 

Brief Descriptinn of the Drawings 

5 So that those having ordinary skill in the art to which the subject invention appertains 

will more readily understand the subject invention, reference may be had to the drawings, 
wherein: 

Fig. 1 shows a front view of a first embodiment of a marking grid on a backing material 
with a comer of the marking grid pulled away from the backing material. 
10 Fig. 2 shows a sectional side view of the marking grid shown in Fig. 1 through the 

section labeled 2-2 on Fig. 1 . 

Fig. 3 is a somewhat schematic illustration of an apparatus for manufacturing the marking 

grids of the present invention. 

Dfttailed Description of the Preferred Embo diments 

15 The present invention is directed to a novel marking grid that provides reference marks 

I radiographic images of a patient's body, while allowing biopsy needles to be inserted or 
rkings to be made on the patient's skin without removing the marking grid. Preferred 
embodiments of the invention are described below in conjunction with the drawings provided 
herein. The preferred embodiments disclosed herein are to be considered exemplary of the 
20 principles of the present invention to the embodiments described or illustrated. Various 

modifications will be apparent to those skilled in the art based on the teachings herein without 
departing from the scope or spirit of the invention disclosed herein 

Referring now to the figures wherein like reference numerals identify similar structural 
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elements of the subject invention, as illustrated in FIG. 1 and FIG. 2, in one embodiment of the 
subject invention, the marking grid is comprised of a substrate 10 made of a material that is 
substantially radiolucent. The substrate may be flexible to permit it to be applied directly to a 
patent's body and conform to the shape of the patient's body. Plastic, paper, fabric or any other 
5 appropriate material known to those skilled in the art may be used for the substrate. 

In a preferred embodiment of the invention, the substrate is comprised of an elastic 
material. The use of an elastic material allows the substrate to be conformed to the shape of the 
patient's body and remain fixed to the patient's body if the patient moves. In this preferred 
embodiment, an elastic material means a material that is sufficiently elastic to expand and 
10 contract with the surface of the skin to which it is attached. As may be recognized by those 
skilled in the pertinent art based on the teachings herein, the elastic substrate of the present 
invention may nevertheless undergo some degree of permanent deformation upon stretching with 
the patient's skin. 

The elastic material should preferably be capable of stretching to between approximately 
15 5% to approximately 50% of its original dimensions without rupture, and most preferably should 
be capable of stretching to at least approximately 30% of its original dimensions without rupture. 
A commercially available elastic material that may be used for the substrate is 3M Company's 
MSX-5190 (9907T) Nonwoven Medical tape, which is capable of stretching to up to about 300% 
of its original dimensions. The 3M Nonwoven Medical Tape is an elastic, multi-layer 
20 polyurethane/rubber based nonwoven material coated on one side with a hypoallergenic 
pressure-sensitive adhesive, and is provided on a bleached Kraft-Glassine paper. 

It is preferred that the elastic material be capable of returning substantially to its original 
dunensions after imaging is complete. It is not required that the elastic material return to its 
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original dimensions after use, however, as the marking grids are typically used only ones, and a 
material that is permanently deformed by stretching may be used. In a preferred embodiment, 
after imaging is complete and the skin is allowed to relax, the elastic material returns to 
dimensions that are no more than about 105% of its original dimensions. The invention is not 
5 limited in this regard, however, and any appropriate elastic material may be used for the 
substrate. 

As shown in Fig. 2, the back side 20 of the substrate 10 is coated with a pressure sensitive 
adhesive 15. Any appropriate pressure sensitive adhesive known to those skilled in the art may 
be used. The adhesive must be sufficiently adherent to hold the marking grid on the skin during 
10 the radiographic imaging process, while allowing removal from the patient with minimal 
discomfort at the end of the radiographic imaging process. 

As shown in Fig. 1, the marking grid is provided on a backing 12. The backing 12 may 
be made from paper coated with wax or plastic, or form any other appropriate material that will 
allow easy removal of the marking grid from the backing without disrupting the pressure 
1 5 sensitive adhesive from the substrate. The backing has holes 24 on at least one side, and 
typically on two opposing sides, that can be used to feed the backing and substrate through 
manufacturing equipment or can be sued in packaging to dispense the marking grids. The holes 
24 are preferably spaced at regular intervals. 

In a preferred embodiment, the backing 12 has a cut out portion 28 underlying a portion 
20 of the substrate 10. The cut out portion may be generally round, oval or crescent shaped, and can 
be die cut from the backing. The invention is not limited in this regard, however, and any 
desired shape may be used. The cut out portion 28 conforms generally with the shape of the 
comer of the markmg grid. In use, the cut out portion 28 remains adhered to the underside of the 
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comer of the marking grid when the marking grid is removed from the backing to form a 
gripping tab 32. The gripping tab enables the user to remove the marking grids from the backing 
without requiring the use of a fingernail or sharp instrument to peel the marking grid off of the 
backing. Also, the gripping tab allows the user to properly position the marking grid on the 
5 patient, as the gripping tab does not adhere to the user's finger. The gripping tab also allows for 
convenient remove of the marking grid from the patient after imaging because the gripping tab is 
not adhered to the patient's body. 

Parallel strips 1 8 made of a material that is at least partially radiopaque are fixed to the 
substrate 10. The parallel strips 18 can be comprised of any material that is sufficiently 
1 0 radiopaque to produce visible marks on the radiographic image. For example, the strips maybe 
comprised of a metal wire; of beads or strands of a homogeneous non-metallic material, such a 
polyvinyl chloride, or of a metal-compounded plastic material, such as nylon filled with tungsten 
carbide. Alternatively, the parallel strips may be comprised of fine particles of materials which a 
density greater than 1 .0 g/cml These particles could be metallic materials, such as, for example, 
15 tungsten or bismuth, or the particles could be non-metallic materials, such as, for example, 
barium sulfate or calcium carbonate. The particles may be dispersed in a carrier material, such 
as, for example, a hot met or a glue, that is applied the substrate. The particles are dispersed 
uniformly in the carrier material in a specific concentration to achieve the desired radiopacity. 
As shown in Fig. 1, the parallel strips 18 are preferably fixed to the front of the substrate 10. The 
20 parallel strips may be fixed to the substrate using any appropriate method known to those skilled 
in the art. In one embodiment of the invention, the parallel strips are fixed to the substrate using 
glue. 
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Between the parallel strips 18 of radiopaque material, the substrate defines a plurality of 
elongated apertures 26. The elongated apertures 26 extend laterally between the parallel strips 
18 and extend substantially along the length of the parallel strips. In a preferred embodiment 
shown in Fig. 1, one of the apertures 27, and the corresponding distance between the parallel 
strips 18, is noticeably wider than all of the other apertures. This results in a wider distance 
between two of the reference points on the radiographic image between the parallel strips as 
compared to the rest of the reference points. The wider distance between points on the 
radiographic image may be used as a reference for determining the location of the marking grid 
relative to the image. 

In use, the marking grid is removed from the backing and is placed on the patient's skin 
in the area of interest. For a CT scan, the marking grid is placed with the radiopaque strips 
substantially perpendicular to the plane of the scan. The marking grid is held in place by the 
pressure sensitive adhesive. A radiographic image, such as a CT scan, is taken through the area 
of interest. When a CT scan is taken, the radiopaque strips 18 produce reference marks on the 
image. The desired point of entry for the biopsy needle is determined from the radiograph. The 
apertures 26 in the marking grid provide spaces that allow the patient's skin to be marked with a 
felt pen or other appropriate marking implement in the precise location where the biopsy needle 
is to be inserted. The marking grid may be removed, the patient's skin sterilized, and the biopsy 
performed in the marked location. Alternatively, the biopsy may be performed with the marking 
grid in place. 

The marking grid shown in Fig. 1 may be manufactured by obtaining a strip of substrate 
material that is coated on the back side with a pressure sensitive adhesive and is attached to a 
releasable backing. The releasable backing has holes on at least one side that are spaced 
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equidistanUy from each other. If desired, the releasable backing may have equidistantly spaced 
holes on two opposing sides as shown in Fig. 1. As discussed further below, the holes may be 
used to feed the substrate material and backing through the manufacturing equipment used to 
manufacture the marking grid. In addition, the holes may be used to register the location of the 
5 substrate in the manufacturing equipment. 

To produce the marking grid shown in Fig.l, the parallel strips 18 of radiopaque material 
are fixed to the front side of the substrate at predetermined locations. The holes 24 on the side of 
the releasable backing material are used to register the precise location of the substrate to ensure 
that the parallel strips are fixed to the substrate at the proper location, with the desired space 

10 between the parallel strips. 

The substrate is cut to the desired shape, with apertures cut between the parallel strips. 
Cutting is typically performed using a die cutter that is set up to cut the substrate without cutting 
the releasable backing. The die cutter may be used to cut the portions of the releasable backing 
sued for the gripping tab without cutting the substrate. Excess substrate material may be 

15 removed from the releasable backing and discarded. The holes in the releasable backing are used 
to register the precise location of the substrate in the cutting equipment to ensure that the 
substrate is cut in the correct locations. This allows reduction in the amount of substrate material 
that may be discarded and allows the cutting process to be performed rapidly, thereby reducing 
production costs. 

20 Turning to Fig. 3, an exemplary apparatus for manufacturing the marking grid in 

accordance with the present invention is indicated generally by the reference numeral 44. The 
apparatus 44 includes a base 46 defining a work support surface 48. Drive means, such as 
sprockets 50, are rotatably mounted on the base 46 adjacent to the work support surface 48 and 
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include a plurality of drive members, such as sprocket pins 52. As can be seen, the sprocket pins 
52 are received within the apertures 24 of the releasable backing to engage and, in tum, drive the 
backing through the apparatus. A motor 54 is drivingly connected to the drive means 50, and a 
control unit 56 is electrically coupled to the motor to control the movement of the marking grid 

5 through the apparatus. A carriage 58 is drivingly mounted on a pair of ways or like supports 60 
extending over the work support surface 48, and vertical supports 62 support the ways over the 
work support surface. A tool head 64 is mounted on the carriage and, as indicated by the arrows 
in Fig. 3, the tool head is movable toward and away from, or into and out of engagement with, 
the marking grid located on the work support surface 48. As also indicated by the arrows in Fig. 

10 3, the carriage 58 is driven laterally along the ways 60 to position the carriage, and thus the tool 
head 64 relative to the work support surface. As indicated by the broken lines in Fig. 3, the 
carriage 58 and tool head 64 are electrically connected to the control unit 56 to drivingly control 
the position of the carriage and tool head relative to the work support surface and the marking 
grid located thereon. 

15 Preferably, the tool head 64 is adapted to receive any of numerous different tools for 

manufacturing the marking grids of the present invention. For example, the tool head 64 is 
adapted to mount a dispensing tool of a type known to those of ordinary skill in the pertinent art 
for dispensing the radiopaque strips 18 onto the substrate 10. In addition, the tool head 64 is 
adapted to mount a cuttmg tool for cutting the peripheral portions of the substrate and cutting the 

20 elongated apertures and other portions of the substrate. Also, the tool head 64 is preferably 
adapted to mount a printing head for printing indicia or other markings on the substrate. 
Alternatively, different apparatus similar to that shown in Fig. 3 may be employed to perform 
one or more of these different operations on the marking grids of the present invention. 
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A significant advantage of the marking grid of the present invention is that the apertures 
24 formed in the margmal portions of the releasable backing 12 allow precise registration 
between the tool head and both the backing and the substrate attached to the backing. Thus, the 
apertures 24 allow the radiopaque strips 18 to be rapidly and precisely applied to the substrate, 
5 and further, allow the elongated apertures 26 and 27 to be rapidly and precisely formed in the 
substrate. 

As may be recognized by those skilled in the pertinent art based on the teachings herein, 
the drive means may take any of numerous different configurations that are currently, or later 
become known for driving the releasable backing or like substrates through computer controlled 

10 manufacturing apparatus of the type shown. For example, the drive means may take the form of 
a tractor feed drive, or may take the form of sprockets having other uniquely-shaped pins or 
other drive members, requiring any of numerous different aperture shapes or pattems formed in 
the marginal portions of the backing 12. 

As may be further recognized by those of ordinary skill in the art based on the teachings 

15 herein, numerous other changes and modifications may be made to the above-described and 

other embodiments f the present invention without departing from its scope and spirit as defined 
in the appended claims. For example, the marking grid described herein may include any of 
numerous types of radiopaque or partially radiopaque materials of the releasable backing may 
take any of numerous different shapes or configurations, or may be spaced relative to each other 

20 in any of numerous different pattems corresponding to or otherwise dictated by the pattems of 
the feed pins or like drive members of the manufacturing equipment. Accordingly, this detailed 
description of preferred embodiments is to be taken in an illustrative as opposed to a limiting 
sense. 
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